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ABSTRACT
We present the galaxy luminosity functions (LFs) of four Hickson Compact Groups using image
data from the Subaru Hyper Suprime-Cam. A distinct dip appeared in the faint-ends of all the LFs
at Mg ∼ −12. A similar dip was observed in the LFs of the galaxy clusters Coma and Centaurus.
However, LFs in the Virgo, Hydra, and the field had flatter slopes and no dips. As the relative velocities
among galaxies are lower in compact groups than in clusters, the effect of galaxy-galaxy interactions
would be more significant in compact groups. The Mg ∼ −12 dip of compact groups may imply that
frequent galaxy-galaxy interactions would affect the evolution of galaxies, and the dip in LF could
become a boundary between different galaxy populations.
Keywords: galaxies: groups: individual (Hickson Compact Group) — galaxies: luminosity function,
mass function — galaxies: dwarf
1. INTRODUCTION
The galaxy luminosity function (LF) is a powerful tool
for describing the properties of galaxy density in various
environments. A comparison between various LFs pro-
vides clues to the environmental dependence of galaxy
formation and evolution. The LFs of galaxy clusters
show a distinct upturn in the −18 < M < −16 magni-
tude range (e.g., Binggeli et al. 1988; Yagi et al. 2002;
Parolin et al. 2003; Popesso et al. 2005; Mercurio et al.
2006; Barkhouse et al. 2007; Rines & Geller 2008; Lan
et al. 2016), while the LFs in the field environments
have flatter slopes to the faint-end (e.g., Blanton et al.
2005). The upturn of M ∼ −18 indicates a division
of dominant galaxies between giant and dwarf galaxies
(e.g., Binggeli et al. 1988; Ferguson, & Sandage 1991;
Trentham, & Hodgkin 2002; de Lapparent et al. 2003).
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Faint-ends (M > −12) of the LFs were investigated
in the cluster regions in our local neighborhood. Tren-
tham & Tully (2002) represented the faint-end slopes of
LFs down to MR = −10 in five different environments.
These slopes were not as steep as those of the theoret-
ical mass function obtained from the cold dark matter
(CDM) model. Yamanoi et al. (2012) found a significant
dip of MR ∼ −13 in the LF of the Coma cluster and a
steep slope at the faint-end of MR > −13. The Centau-
rus cluster LF of Chiboucas, & Mateo (2006) showed a
dip at −14 < MV < −13, and a sign of a dip was seen
in the Fornax LF (Hilker et al. 2003). In contrast, the
LFs of the Virgo (Trentham, & Hodgkin 2002; Saba-
tini et al. 2003; Lieder et al. 2012; Ferrarese et al. 2016)
and Hydra clusters (Yamanoi et al. 2007; Misgeld et al.
2008) did not show such a dip. In a lower-density re-
gion such as the loose groups, Trentham et al. (2005)
provided a composite LF of the neighboring four galaxy
groups within the Local Group towards MR ∼ −10, and
confirmed a weak dip of MR ∼ −11. The other result
also indicated that some loose groups tend to show a
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deficiency of galaxies at −12 < MV < −11 (Mu¨ller et
al. 2018).
The faint-end dip may reflect the presence of physical
processes in galaxy formation and/or evolution that are
driven by environmental effects. A large sample of LFs
in various environments is required to understand the
origin of the faint-end dip. In this paper, we focus on
compact groups, which have several giant galaxies con-
centrated in a small region. Galaxy interactions would
have a more significantly impact in compact groups than
in galaxy clusters as the relative velocities of galaxies are
smaller, and hence, the effective interaction timescales
are longer, while interactions with hot gas would be
weaker. Previous studies of the LFs of compact groups
are summarized in Appendix A. There are very few stud-
ies of the LFs that cover the magnitude ranges fainter
than M ∼ −12. To investigate the faint-end dip in com-
pact groups, we studied the faint-ends of LFs with deep
images of compact groups selected from the catalog of
Hickson Compact Groups (HCGs; Hickson 1982).
2. OBSERVATIONS
The HCG fields were observed with the Hyper
Suprime-Cam (HSC: Kawanomoto et al. 2018; Furusawa
et al. 2018; Komiyama et al. 2018; Miyazaki et al. 2018)
mounted on the Subaru Telescope. The HSC uses 104
science CCDs, which cover 1.5◦ field-of-view in diam-
eter with a pixel scale of 0.17′′. The observation was
made in the queue mode on 2016 March 8 UT. The
seeing size (the full width at half maximum, FWHM)
was ∼ 0.8′′. Although the targets discussed in this pa-
per are only a part of all the targets of our project,
and the completion of the project depends on future ob-
servations, we analyzed the first four fields that were
obtained so far. The g-band images of the four fields
(HCG44, HCG59, HCG68, and HCG79) based on the
catalog by Hickson et al. (1992) were obtained. Their
redshifts were found to be less than 0.015, and no other
group or cluster is known around the redshifts in these
fields. We summarize our targets in Table 1. We referred
to the NASA/IPAC Extragalactic Database (NED) for
the redshift (z) and the distance modulus (m−M) cor-
rected to the cosmic microwave background reference
frame, as shown in Table 1, with default cosmological
parameters H0 = 73 km s
−1 Mpc−1, Ωmatter = 0.27
and Ωvaccum = 0.73. We use the AB-magnitude system
throughout this paper.
3. DATA REDUCTION
The g-band images were reduced using HSC Pipeline
(Bosch et al. 2018) version 4.0.5. We used dome flats for
flat fielding. The data of the Panoramic Survey Tele-
Figure 1. Completeness of extended objects as a function
of g-band magnitude for each HCG image. The 90% com-
pleteness is plotted as dashed line. HCG79 and HCG59 show
more than 90% completeness at mg < 24.7, while the 90%
completeness of HCG44 and HCG68 are down to mg ∼ 25.
scope and Rapid Response System 1 (Pan-STARRS1)
were referred to as astrometric catalogs.
We detected objects using SExtractor (Bertin, &
Arnouts 1996) and adopted MAG AUTO for measuring the
magnitude, while excluding the saturated objects. The
limiting magnitude of point sources was estimated by
measuring sky counts with the 2′′-diameter aperture in
the reduced image. We applied the Gaussian fitting of
the histogram of sky counts and calculated the 5σ limit-
ing magnitude, which resulted in ∼ 26 mag in each im-
age (see Table 1). We also estimated the detection com-
pleteness of extended sources, creating mock galaxies in
the magnitude range of 20.0 – 28.0 with the Image Re-
duction and Analysis Facility (IRAF: Tody 1986, 1993)
task gallist. We embedded these galaxies into the
object subtracted images, which were obtained as the
SExtractor check images of -OBJECTS, using mkobjects.
The galaxies were measured using SExtractor, and the
corresponding parameters were adjusted to be the same
as the detecting threshold for real objects. We evalu-
ated the detection rates for every 0.25 magnitude bin
for the mock galaxies on the entire field of view of the
HSC image. Figure 1 indicates that a 90% complete-
ness fraction was attained for the extended objects at
mg = 24.7, which corresponds to Mg = −9.4 for the
most distant galaxy group (HCG79). No completeness
correction was performed when we evaluated the LFs in
the > 90% completeness range.
The galactic extinctions in g-band (Ag) in Table 1
obtained from NED were adopted when we converted
magnitudes from the apparent to the absolute values.
4. LUMINOSITY FUNCTION
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Table 1. Observed HCGs
Field RA Dec z Exp. Times m−M Ag mlim (5σ)
(J2000.0) (J2000.0) (min) (mag) (mag) (mag)
(1) (2) (3) (4) (5) (6) (7) (8)
HCG44 10:20:45.5 +21:33:37 0.0057 78 31.8 0.09 26.0
HCG59 11:51:01.0 +12:25:59 0.0147 60 33.9 0.11 26.3
HCG68 13:55:42.4 +40:05:17 0.0086 60 32.8 0.04 26.2
HCG79 16:01:23.8 +20:37:11 0.0148 30 33.9 0.21 26.1
In order to estimate the number of member galaxies,
we used the statistical background subtraction method
(Bernstein et al. 1995). Our HSC image has a field of
view of ∼ 1.5◦ in diameter and is wide enough to cover
both the HCG and its outer regions. Additionally, we
endured that 90% detection completeness was achieved
(see Section 3). We adopted an outer ring area within
the range of 10000 – 15000 pix (∼ 0.47◦ – 0.71◦) from the
center of the galaxy group as a control field (Figure 2),
and counted the number of foreground and background
galaxiesNcf in the field. For our fields, we found that the
background of each group is represented better with the
ring around it (our control field) than with the combined
field of control fields of all the groups. The field-to-field
variations are relatively large among the HCGs. More
details of the analysis of the background are given in
Appendix B. We adopted the radius of the group region
as 150 kpc, which corresponds to the virial radius of a
typical mass of HCG (several 1012M). We then derived
the number of galaxies in the group field Ngf within a
radius of 150 kpc. The number of member galaxies Nmb
is given by
Nmb = Ngf − kNcf , (1)
where k is the coefficient of the field size correction to
the group region. Its uncertainty σmb was subjected to
the Poisson statistics:
σmb = ±
√
Ngf + k2Ncf . (2)
The subtraction was performed at 1.0 mag intervals.
We show the LFs of the HCGs down to Mg ∼ −9 in
Figure 3. All groups showed a dip at around −13 <
Mg < −12. We confirmed that this dip did not come
from the trend of the galaxy number counts of the con-
trol field in each HCG (Figure B1). No feature which
makes the dip of the LF was found. The numbers of
member galaxies were estimated statistically using the
Equation (1). In this magnitude range, the numbers
were consistently low among all the HCGs and were of-
ten negative after background subtraction. This sug-
gests a statistically significant deficit in group members
around this magnitude. In order to construct the to-
tal of the LFs of all the HCGs, we first converted the
apparent magnitude into the absolute magnitude, and
computed the number of member galaxies in bins of 1.0
mag for each HCG field. The four LFs were summed
up in the same magnitude interval. Figure 4 shows the
total LF, which is the sum of the four HCGs.
Krusch et al. (2006) measured the B-band LF of five
HCGs (HCG16, 19, 30, 31 and 42 ) and found that the
LF increased rapidly at −15 < MB < −13 and de-
creased at MB > −12. They discussed that this down-
turn was the cause of the incompleteness according to
the detection limit. Our LFs complement the previous
result as these attained fainter magnitudes. The sign of
a dip was found at Mg ∼ −15, and the clear upturn at
Mg ∼ −12 appeared toward the fainter-end, as shown
in Figure 4. The −15 mag dip is similar to that of Kr-
usch et al. (2006), but in our analyses the numbers of
galaxies around −15 mag are relatively small, and it is
difficult to confirm the −15 mag dip due to the poor
statistics. In contrast, the intrinsic galaxy population
increases toward the fainter magnitude; combined with
our fainter limiting magnitude, our analysis includes a
sufficient number of galaxies around the −12 mag to
confirm the dip.
5. DISCUSSION AND SUMMARY
The presence of the −12 mag dip in LF may have
important implications on the process of galaxy forma-
tion. Environmental dependence, if it exists, would pro-
vide an additional clue to understanding the key phys-
ical process. We compared the HCG LF with LFs of
other environments. In Figure 5, the LFs of the HCGs,
Coma (B-band; Yamanoi et al. 2012), Centaurus (V -
band; Chiboucas, & Mateo 2006), and the field (R-band;
Trentham et al. 2005) are shown. These LFs from pre-
vious literature used various bands. We converted these
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Figure 2. The g-band image of HCG44. The region of
HCG is within the red circle with a radius of 150 kpc. The
ring region enclosed by the broken blue circles is the control
field for the statistical background subtraction.
to the g-band magnitude by assuming the typical color
of galaxies to be (g − r) ∼ 0.5. The number of galax-
ies N was arbitrarily scaled for comparison. The LFs
of the Coma and Centaurus showed a significant faint-
end dip at Mg ∼ −12, while the LF of the field did not
show a significant faint-end dip. The faint-end dip was
clearly seen in all four HCGs (see Figure 3). No dip ap-
peared in the Virgo and Hydra clusters (e.g., Trentham,
& Hodgkin 2002; Sabatini et al. 2003; Lieder et al. 2012;
Ferrarese et al. 2016; Yamanoi et al. 2007; Misgeld et
al. 2008). The LF of some loose groups of galaxies were
found to have a small dip (Trentham et al. 2005). The
loose groups have velocity dispersions similar to those
of the compact groups, while their densities are much
lower. The loose groups and HCGs are generally less
massive (∼ 1012−13M; Hickson et al. 1992) than the
clusters. Nevertheless, the HCGs and Coma, with a
massive cluster of ∼ 1015M (Kubo et al. 2007), showed
a similar, distinct dip. Hence, we suggest that this faint-
end dip is independent of the cluster mass.
Ram-pressure stripping is often discussed as an envi-
ronmental effect on galaxies. It removes the gas from
dark matter halos and truncates star formation, con-
sequently making the galaxies red (e.g., Farouki, &
Shapiro 1980; White et al. 1991; Solanes, & Salvador-
Sole 1992). However, the ram pressure is effective only in
cluster halos with sufficient quantities of hot gas. Most
compact groups have lower characteristic temperatures
in X-ray emissions than that of the galaxy clusters (Pon-
man et al. 1996). Hence, the ram-pressure is not the
most plausible cause of the −12 mag dip. The gravi-
tational potential of the compact groups is not as deep
as that of clusters, and hence the tidal effect due to
their potential is unlikely to be efficient. Thus, the ram-
pressure and the tidal effect due to the gravitational
potential of groups/clusters are unlikely to be the cause
of the faint-end dip.
Interactions between multiple galaxies often occur in
compact groups because of their high density. The ef-
fect of galaxy-galaxy interactions is likely to be larger in
compact groups because of the lower velocity dispersion
of < 230 km s−1 (Hickson et al. 1992) which causes the
typical timescale for interactions to be longer. On the
other hand, rich clusters, such as Coma, have a high dis-
persion of ∼ 1000 km s−1, and the effect of the interac-
tions is relatively weaker. Miles et al. (2004) discussed,
with a toy simulation, that the dynamical friction is
more efficient in a lower velocity dispersion system, trig-
gering mergers of intermediate-luminosity galaxies into
giants around the center, and thus, leading to a dip in a
LF. The galaxy-galaxy interactions are a possible, and
more likely cause of the −12 mag dip.
In addition to the observationally motivated discus-
sions given above, we now discuss the dip from the point
of view of the hierarchical clustering models of struc-
ture formation (i.e., the CDM model). The theoretical
model predicted that the mass function of the dark mat-
ter halo has a steep slope and is monotonic (White, &
Frenk 1991; Cole 1991; Kauffmann et al. 1993). There-
fore, the presence of a dip in LF indicates that a cer-
tain population of galaxies suffers from some physical
changes, such as disruption, enrichment, and brighten-
ing. The dip offers a clue to understanding the physical
process that deprives a galaxy population of a specific
luminosity. For example, according to a recent numeri-
cal study of dark matter halos, baryonic feedback is very
efficient in dwarf galaxies of ∼ 107−9M (corresponding
to −14 < M < −12), which can even change halo mass
profiles within these galaxies (Bullock & Boylan-Kolchin
2017). The more diffuse halos of this galaxy population
could be more susceptible to tidal disruption than those
of fainter dwarfs. If this is truly the case, this mecha-
nism could suppress the LF in this luminosity range and
may result in a dip in LFs around M ∼ −12.
Alternatively, the dip of Mg ∼ −12 may indicate a
change in the dominant galaxy population. Previous
studies suggest that the dips of LF are boundaries be-
tween two different populations. The clear dip at a
brighter magnitude of M ∼ −18 is widely known, where
the dominant population changes from giant galaxies to
dwarfs (e.g., Binggeli et al. 1988; Ferguson, & Sandage
1991; Trentham, & Hodgkin 2002; de Lapparent et
al. 2003; Miles et al. 2004). Another dip appears at
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Figure 3. The g-band LFs for individual groups of HCG44, HCG59, HCG68 and HCG79. The error in each magnitude bin is
given by Poisson statistics. The galaxy counts are estimated by the projected number counts within a radius of 150 kpc in the
region of the HCGs. The vertical dotted line indicates the 90% completeness limit for each HCG distance.
Figure 4. The total LFs of the four HCGs per 1.0 mag
interval. The estimations of the errors and galaxy counts are
the same as those in Figure 3. The 90% completeness limit
of the most distant compact group in our sample HCG79 is
shown by the vertical dotted line.
M ∼ −15 in rich clusters, which is suggested to be a
partition between dwarf elliptical and dwarf irregular
populations (Wilson et al. 1997). The LF of Krusch et
al. (2006) in the HCGs have a similar dip at Mg ∼ −15.
Several studies on the infrared properties of galaxies in
compact groups have shown a gap between gas-rich and
gas-poor populations in an infrared color space, while
such a separation is not seen in field galaxies (Johnson et
al. 2007; Walker et al. 2010; Zucker et al. 2016). These
studies suggest a rapid evolution from star-forming to
quiescent galaxies in compact groups. Coenda et al.
(2015) compared galaxies in compact groups and loose
groups and found that there were two populations of
late-type galaxies in compact groups, one with normal
star formation rates and another with low star forma-
tion rates. If such a partition occurs preferentially along
the galaxy mass/luminosity, the significant dip of HCGs
could be related to the populations of late-type galaxies.
In addition to the physical processes inside the groups
and clusters, there is also a possibility of external influ-
ence. The dip of a cluster LF may be explained partly by
an infalling compact group. Cortese et al. (2006) found
6 Yamanoi et al.
Figure 5. The total LFs of four HCGs and LFs from
previous studies. The vertical scale is arbitrary for LFs of
Coma, Centaurus, and field. These magnitudes are shifted
horizontally to adjust to the g-band.
a compact group infalling into a dynamically young clus-
ter. If galaxy clusters were enriched by accreting com-
pact groups, the LF of cluster galaxies might inherit the
dip imprinted in the LF of the original group galaxies.
In a previous study of the Coma cluster, Yamanoi et al.
(2012) compared the LFs of the cluster center and outer
regions within the cluster and found a dip of MR = −13
in both regions, similar to those of the HCGs. Hence,
the dip seems to be independent of the locations within
the cluster. If the dip of a cluster is an inheritance from
compact groups, a physical process that is relevant in
the groups could also explain the dip in the Coma clus-
ter. In this case, the compact groups must be the major
building blocks of the cluster. We should, however, note
that this idea cannot be applied to all clusters. A larger
sample is needed to identify the key parameter to the
dip.
In summary, we constructed LFs of four neighboring
compact groups to Mg ∼ −10. All the groups showed a
dip at ∼ −12 mag, which resembles the LFs of several
rich clusters.
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APPENDIX
A. PREVIOUS STUDIES OF COMPACT GROUP
LFS
We summarized the LFs of compact groups in the pre-
vious studies in Table A1. We re-calculated the limit-
ing magnitude of each LF study using H0 = 73 km s
−1
Mpc−1. All the studies in Table A1, except Krusch et al.
(2006), provided explicit H0 (= 100h km s
−1 Mpc−1).
We assumed that Krusch et al. (2006) adopted h = 1
as it consistently explains the apparent magnitude of
bright members in their sample and the overall shape of
their LF.
B. VARIATIONS OF CONTROL FIELD
For the statistical background subtraction in Section
4, we defined a control field as an area within an annu-
lus of 10000 – 15000 pix from the center of each galaxy
group (see Figure 2). In Figure B1, we showed the
galaxy number counts of the control field of each groups.
We confirmed that no bump nor notable feature was seen
in the galaxy number counts of the control field of each
HCG. This indicates that the dip of Mg ∼ −12 in the
LFs does not come from their control fields. For further
inspections of the field-to-field variations around HCGs,
we performed the following tests to confirm that this
locally-defined control field represents the background
population well around the −12 mag dip of LF.
First, we investigated potential radial variations
within the control field of each HCG. We divided the
control field into three narrower annuli, i.e., inner (10000
– 11000 pix), middle (12000 – 13000 pix), and outer
(14000 – 15000 pix) rings. Figure B2 shows the relative
galaxy counts in each ring with respect to those of the
control field. Although there are scatters in the bright
magnitude range due to poor statistics, they converge
to 1 in the fainter ranges of Mg > −14. Thus, the radial
dependence within the control field is not significant,
and we can assume that the variation is small between
each HCG region and the corresponding control field.
Second, we compared the control field of each HCG
(local control field) with the combined field of control
fields of the 4 HCGs (global control field). The four pan-
els show the deviations of the local fields from the global
one, and the scatters are large. We therefore concluded
that the local control fields, the areas immediately next
to the HCG fields, better represent the local background
for the statistical correction.
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